The high-resolution uv analyzer has been used to investigate the effect of diet on urine profile. In addition, new applications in the food and beverage industry appear promising. More than 100compounds, acidic to basic, can be separated. The clinical analyst may be interested in scanning a wide variety of compounds or in rapid separation of only a few compounds. For the latter purpose, the effect of changing the gradient elution program has been investigated, and conditions have been defined for rapid analysis of specific regions of the chromatogram. Additionally, the chromatogram may be simplified by fractionation-for example, by solvent extraction-before high-resolution analysis. The sensitivity of the instrument is often limited by baseline drift caused by absorbance of the buffer. Various methods for compensating for this drift have been investigated. Reproducibility of retention time, response, and computerized data processing are discussed. 
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The high-resolution uv analyzer has been used to investigate the effect of diet on urine profile. In addition, new applications in the food and beverage industry appear promising. More than 100compounds, acidic to basic, can be separated. The clinical analyst may be interested in scanning a wide variety of compounds or in rapid separation of only a few compounds. For the latter purpose, the effect of changing the gradient elution program has been investigated, and conditions have been defined for rapid analysis of specific regions of the chromatogram. Additionally, the chromatogram may be simplified by fractionation-for example, by solvent extraction-before high-resolution analysis. The sensitivity of the instrument is often limited by baseline drift caused by absorbance of the buffer. Various methods for compensating for this drift have been investigated. Reproducibility of retention time, response, and computerized data processing are discussed. #{149} By using columns filled with efficient anion exchange resin of small particle size and operating at high pressures, they have separated more than 100 uv-absorbing constituents from human urine in less than 40 h. This instrument has been used to examine urine from leukemic and schizophrenic patients, from a normal male human [to learn more about diurnal variation (2)], from a 2-year old girl who had a neuroblastoma (7), and from patients with other pathologic conditions such as hereditary nephritis, Lesch-Nyhan syndrome, gout, alkaptonuria, and maple-syrup urine disease (6). Other investigators have used this instrument to examine the urine from newborns and young children (8), patients with gout (9), and to survey the effect of diet on the chromatographic profile (10 
Additional

Keyphases fractionation of urine, vanilla, wine
Materials and Methods
Materials
Chemicals. Acetate buffer, 0.015M (pH 4.40) and 6.OM (pH 4.40) (25#{176}C), were prepared from AR grade sodium hydroxide and acetic acid by adding NaOH to the appropriate concentration of acetic acid until the desired pH was obtained.
The reference compounds, known to be in urine, were purchased from Calbiochem, Los Angeles, Calif. 90063.
Column resin. The Column. A 0.24 X 100 cm stainless-steel column was dynamically packed with the Aminex A-27 anion-exchange resin as described by Scott and Lee (11) . A precolumn (0.54 X 25 cm) was added to the column and both were filled with a slurry of the resin in an equal volume of 0.015M buffer. The column was packed at 6.89 X 10 N/m2 (1000 psi) by use of a "Minipump" (Milton Roy Co., St. Petersburg, Fla. 33733). After equilibrating the columns for several hours with the acetate buffer, we removed the pre column and placed the column in the chromatograph.
The resin bed is supported by a 1/8 in. union containing a 0.5-,jm stainless-steel frit (Crawford Fitting Co., Solon, Ohio 44139). The 100-cm column is housed in an air oven capable of maintaining the column temperature to within ±1#{176}C of the selected setting.
UV photometer. The uv absorbance of the column effluent is monitored by a sensitive uv photometer that has a low dead-volume.
The photometer can measure the absorbance at 254 nm. In the dualcolumn mode of operation, the detector monitors the difference in absorbance between the analytical and reference column effluents.
Normally, the reference cell was filled with air. The detector output is linear in absorbance units and therefore directly proportional to concentration for solutes that obey Beer's law.
Two dual-flow cells were used. The more sensitive version has cells with an internal diameter of 1 mm and a path length of 10 mm, which gives a dead volume of 8 l. A cell with a shorter path length was used for higher concentrations.
The construction was similar to the 10-mm cell except that the path length was 4-mm. The detector can be operated over a linear absorbance scale ranging from 0.02 to 0.64 absorbance units (full scale). Higher absorbance values are recorded on a nonlinear scale.
Baseline Compensation
Series flow. The reference cell of the uv photometer was connected between the gradient chamber and the inlet to pump 2.
Dual columns. An additional colunm was connected parallel to the analytical column. The effluent from this colunm was connected to the reference cell of the uv photometer. The effluent from the reference or sample cells was then passed through a bubble-tube flow monitor. Chemical compensation. Cation-exchange prefractionation.
A mixture of whole urine (2.0 ml) buffered at pH 3.25 with 1.OM KH2PO4 (pH 3.25, 0.5 ml) and 0.5 g of AG5OX8 per 100 ml was shaken for 5 mm. The supernatant fluid was injected directly.
Solvent extraction.
Buffer solution (0.5 ml) was added to 2.0 ml of whole urine. The resulting mixture was extracted twice with 10-ml portions of chloroform or ethyl acetate. The results are presented in Table 2 High-performance chromatography.
The urine sample was chromatographed by stopping the eluant flow, decreasing the pressure, and then filling the 200-Ml sample loop with urine. The urine sample is then eluted with a linear acetate gradient (flow rate of 8 ml/h), formed by placing 90 ml of the 0.015M buffer, in the gradient chamber and pumping into it the 6.OM buffer at a flow rate of 4 ml/h. Colunm temperature was maintained at 60#{176}C for the entire run.
Results and Discussion
Gradient Programming
A typical chromatogram from a 100-kg male is shown in Figure 2A . More than 100 peaks were detected in this urine. The analysis took 20 h. 
Conditions are presented in
Table1(A) sufficient restriction to "starve" pump 2 at high buffer concentrations.
Removing bubbles from the reference cell, which was tinder vacuum, was particularly difficult. The net #{149}absorption increase that results from the increasing concentration of acetate during the gradient might be compensated by adding a small amount of a strongly uv-absorbing cation to the dilute buffer. Because the absorbers of the two solutions were identical, yet no net change in absorbance would then be expected. Unfortunately, no nv-absorbing material was found that was suitable. Both adenosine and guanosine gave extraneous peaks during the chromatogram. Toluene and acetone also gave extraneous peaks, and the solutions were not reproducible in their absorbance, possibly owing to the volatility of the compounds. The most satisfactory arrangement was to add a second column, paralleling the analytical column. A needle valve was put in series with the reference column.
The effluent from the valve was passed through the reference cell. In this way, the absorbance drift during the run was minimized to 2.4 X 10_2 A, a 10-fold improvement in the usable sensitivity.
Use of a computerized data-processing system for baseline compensation and data processing was also investigated.
The instrument was found to be compatible with the computer. Since the output detector is linear in absorbance, the computer was able to measure the area, which can be converted directly to composition units if the identity of the compound responsible for the peak is known. Since this was not the case, the area of each peak was presented, tabulated by retention time. At present, the longer elution times exceed the program run-times available.
Overcoming this limitation will require only minor alterations of the programs.
Programs have been developed that automatically compensate for baseline drift. Since the computer has a much wider dynamic range than the recorder, the computer may be used to compensate for the absorbance of the buffer and also to measure the smaller peaks.
Effect of Diet on Urine Chromatograms
Diet is known to affect urine composition. For this reason, the effect of diet on urinary profile must be ascertained or minimized. Urine samples were collected from subjects on a synthetic, lowresidue diet, "Vivonex 100." The effect of diet on a urinary profile is demonstrated in Figure 5 . The upper chromatogram was obtained from chromatography of an aliquot of a 24-h urine sample from a typical subject whose diet was unrestricted. The profile changed steadily during three to seven days on the Vivonex diet. The greatest difference is in the 9-14 h region. The profile of the typical subject is characterized by having only the hippuric acid peak in this region, while nine significant peaks appear in the profiles of the dietcontrolled samples. Other significant differences were observed at 1.3, 3.7, and 5.5 h of the chromatograms.
In addition to these differences, minor ones were also observed in other regions of the chromatograms.
Variation in the chromatographic profile with length of time on the diet is minimized by day 11. Indeed, chromatograms 5C and SD are qualitatively the same. Thus, it appears that urine composition reaches a steady state by the seventh day. A similar effect of diet was observed by This indicates that the peaks derive from the flavoring agents or their metabolites.
Some of these compounds may be unaltered during passage through the body. Thus, it should be possible to monitor the patient's consumption.
In this way, these compounds could serve as internal standards.
From this, a complete material balance may be calculated.
Complex Fluids
The methodology developed to analyze body fluids also has useful industrial chemical applications.
Figures 6 and 7 show chrornatograms of synthetic vanilla and white wine, respectively. These chromatograms are especially useful in the analysis of flavoring components that have a low volatility.
For instance, the chromatogram of vanilla indicates that over 52 components are present.
Since the chromatographic conditions are mild, and there is no sample preparation, the compounds may be collected and identified with a high degree of confidence. Table  2) . The relative peak height of peak 47 to peak 17 is Un- changed. This offers the potential of selectively removing interfering compounds.
Instrument Performance
Qualitative identification on the basis of retention times requires that the retention times be reproducible.
The higher the precision of the retention times, the greater the certainty of identification on this basis. A previous report described the reproducibility of retention times for 10 peaks, including hippuric and uric acid on a single column (14) . In more than 15 chromatograms, the relative standard deviation (cv) in retention times for hippuric and uric acid was 3.0% and 2.8%, respectively (14). 1 The variation for four columns is summarized in CHEM. 14, 521 (1968) .
'The runs in Figure 5 were not included in this statistical study because of possible ambiguity in identification of the peaks. Mean, h Deviation, h
